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Abstract: Large-scale phased array systems are one of the core and key factors for the flexible ap-
plication of terahertz wireless transmission technology. This article introduces the development bottle-
neck of large-scale terahertz phased array technology and the research progress. The paper focused on
introducing the tile-type splicing solution, which interconnected 16 CMOS chips through gold wire
bonding to form the largest-scale terahertz phased array transmitter with 64 elements (8X8).
Through the balanced direct current power supply network and the "forward radiation + back heat dis-
sipation" architecture, good direct current supply and heat treatment was achieved to ensure working
performance of array. The peak effective isotropic radiation power (EIRP) can reach 35 dBm, the lo-
cal oscillator signal leakage suppression and the image frequency signal suppression are both greater
than 35 dB, and the horizontal and vertical directions achieve £=60° beam coverage. This article also
introduces the world's longest distance 52 m terahertz phased array real-time wireless communication
link, and the system transmission rate can reach 1.6 Gbit/s.
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Fig.1 Bottlenecks of terahertz wireless communications
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Fig.2 Architecture of 64-element phased array transmitter

1.2 FEHEAHENESERHREN

W ELAE H RO TAE B A A A, A
DS HESEIE S PCB A LR 58 42— 3. X
FARSCH 64 FF e, an & 3 7 7, FE 51 U £ Ak (21
EAEN) I A 450 i AR 4 5 PCB i B2
A FES e b CHE EAE N ) 908 JETE 5 PCB B #2
HEA T 5 R L S S I e B A
b A B (S O HE N ) 1 A — & IR & 5 PCB
M B H2 G 3K A B A v A ] B Tt S —
o XU, R TP = AL 2% K T
I R 7 1) [R) BRF EA T O L R A A5 F AR EL
BT o N T ey L O S = R 5 4 7 I
fh LI FEL I R 696 mA , HAth A3 8 AL (Y EL I A R
1240 mA . 38 bR R i, B 51 P I DT Y B U
50095 VM TSI MR LV, B3R A
50 mV,

696 mA  1240mA 1240mA 696 mA
!
< v oavifiv o oaviiv o oavihivooav
E i E
=] , o
=3 1 &
= 1V 097V|0.97V 096V 096V09TVipoTV 1v| ©
E 1V 097V o_gwo_gsv'n_gsw.gw 97V 1V ‘é
=3 ,' =
= -
2 1V 096V I%VUQSV{J‘JSVI}‘%V 96V 1V t:
@ 38°C
é 64-element PHA =
5
]
! [55]
. , o 37
Central axis

Pl 3 -y o R L T
Fig.3 Balanced DC power supply network

i BRSNS R I T S A R s R
P, R AT A RO . A A R A e
JEREFE S B TS f R R A ME 5 kA
SF R 1 I 1) A SRR L SR AT 4 TR . A 45
4 BB A3 AT R A, R A 0 R RS 0 4 e e Y
Sy 38°C, B AR B A AL /N F 1°C

Quartz superstrate
& PHA chips

Bond
> wire

Multi-layer ™ Back-chip
PCB heatsink

P4 I ] AR A AR O A A

Fig.4 Forward radiation and back heat dissipation structure

2 MRKE M A

AH 35 B 6 A 2R F A5 E 65 nm Bulk CMOS T. 25
il 38, S0 R 1 O 7 Al 454 It BIK Bl 1 38 B 454
T ARBFIR AR A K IF B AR 7 A B 5 5 ARSI K
5 25 45 B Ol oF RE R #8585 K5, i i b R 2R
AP ARG B El v, R b BT B S
5 M I A ) R ESORE A 4, SR R 4% 15 5 17 W AH
Pl B TR S Fr R ) O BE B (Lo )jbonn
M &, JEAT 0 Pk AR R I . e SR ik
BUF B 5 1915 5 D% P s, T IR A
EIRP =Py px + Gpx + L. (1)
AT DA AR 45 B & S HILAE X6 B AR (1Y) EIRP . H
H o G HIEWHLIE 25 5 LA RE {5 5 09 BR AR H0LFE



404 RN A = 5 A A BT

http://gtdzx.cetc55.com 44 %

?ﬁj/@ H
L.= 32.45(dB)+ 20lgfus + 20IgL (2)
T2 B0 A5 21 10 X AR 1 R 25 G, AR
/N
Preow = EIRP — 201g64 — G ., (3)
THERT N 9 2 S BILSF38 T 6 1 D) 28 P

D-band bending WG,

D-band ant.

———
D-band D-band

x!'.5.%.3!?!&!.‘.'.-..0..*!f%!‘?.E SHM  LNA

(@

(®)
5 AR B DA () TR (b) SE30 3 5
Fig.5 Phased array chip testing: (a) Testing principle; (b) Scene

R TR B TR S o b B D I B
R0 SR AR o v 8 2 o UK R RN RS PM-5 3 R
XoF 422 WSS 110 K R 5 WA ML 3 25 E AT TORS B A A o
AR a2 o WK 85 0 B oR & B HLAE RF MR R
138 GHz it i W {8 EIRP W] 35 35 dBm, X i f1Y 243
T IR R B — 2 dBm., FES Ak T 2
40 mW I 5 95 2l 2R, MR 3 4090 B R R AR, SEBR N
16 mW A7 R8RS D 2R, SCBL T s AR A S
FEA S AR TR IR TR A T AR IR A
AR 5 1 B 5 2R 45 2R R AR BRI 15 55 1
T BE S 37 B, FEAAE S A B 41 dBL ST
KA 19 2 B 5 i o il e 0 9 3] ) D8 oK 4
J5 Ty L 0 A5 AR 2K SF- [ A0 T ) L B A S B
T 60" W AR R, BT R 147, MR
3 11 P 90 7 1A S5 A ) BE K F 10 dB s 2 PR

A E 60° Ty 1 I, F2 M 25 T 249 4 dB, 350
JERT 5 dB, UEI 64 M o AH % B BAT R4 19 I SR
HiBE 77 .

FE T IR A B A 0 A A B R AL T A
6 JIT 75 1 52 m TG £k A% i B L AT S5 I 0 2 R 5
55 o 31X H R R R R 2% AH 5 B S B B BE S
TCLHAR o AE A B & S v, 1 32 B A e S )
B H A S B AR A Y T B0 . o >R
A5 dBi 5 B 25 2 20 R4 400 R o R R AR 1Y 42 i
W3]

K6 52 m i T 2 B 15 i 5 6 55

Fig.6 52 m wireless data transmission scene

S Bt s A 0 R AR N 138 GHz 1Y 1 2k {5
7, R IE 52 A g i (Quadrature phase shift key-
ing, QPSK) ¥ il 75 =, fif 4 45 5 09 15 S an /&1 7 .8 i
No f&H 52 m IR S 0 B RE S MfE ER
I3 YIA K —9.68 dBm, {5 M Ly 28.76 dB, % A /)
F 107, R Gi A% Hir i 0] 35 1.6 Gbit/s, SZ k45 8
2 35 Mbit/s, 5% 30 0 & 45 1% i = 15 0L

S -0 Ee FEoe i

- —

E! s T

Wi STe 00000 e

. -3 WS=0f{

 m=ote 0t

1. 600000 GHs A 7. 400000 Gl

SMNN 1.000 Mz 138 115.0 s (401 pra)
MiEThE Lot 8 Hone

sing -9, 68 @/ 160.00 e ‘

wxex —101. 72 @/

B 7 WG s S DR

Fig.7 Received IF signal power spectrum

K8 Jogkimfs g

Fig.8 Wireless communication performance



51 516 2= B A« ROMUASE A 2% AT 28 B 5 R R B 5 i 405

ARSI T e AT R A 2 UK A R R 2%
AR BB AR B 5T I, J R T e KA 64 B T (8 X
8) Iy A bk 2% AH 95 W e B A B o i B B S B T ik
35 dBm {5 565 Dy 23, A HR A5 5 itk Y 400 ) 2 R B A £
SR X KT 35 dB, SEBE T Tk AR A1 S 4R A
5@l . BLAk % B A SE I R A
FE K J7 1) AT B 5 ) B3 SE T 607 B I R
Rl A H A 7E P 1) 3k B A e K R 1 B 25 1 K
25 AR A5 B o AR SCHR AR T — oz B B 5 A JE 4R
B AL A B, R ] QPSK I 7 2, W 7E 52 m R
B0 P 1.6 Gbit/s 1Y 1% % 3 %, 3 2 H AT K 2% A
T W S TR A i a7 S A T R RO A .
B R M A R S LG B 2 A 2 X 2008 TR
YRR R PE A, R AR A /) 65 nm CMOS T
SN AT AR e ST KA (10° B 0T ) 1Y Kk
25 AHAE B B AR A B, AR IS 2%

& % X #

[1] He D, Guan K, Yan D, et al. Physics and Al-based
digital twin of multi-spectrum propagation characteris-
tics for communication and sensing in 6G and beyond
[J]. IEEE Journal on Selected Areas in Communica-
tions, 2023, 41(11): 3461-3473.

[2] HesS, Zhang Y, Wang J, et al. A survey of millimeter-
wave communication: physical-layer technology specifi-
cations and enabling transmission technologies[J]. Pro-
ceedings of the IEEE, 2021, 109(10): 1666-1705.

[3] Giordani M, Polese M, Mezzavilla M, et al. Toward
6G networks: use cases and technologies[J]. IEEE
Communications Magazine, 2020, 58(3): 55-61.

(4] Zhang Z, Xiao Y, Ma Z, et al. 6G wireless networks:
vision, requirements, architecture, and key technolo-
gies[J]. IEEE Vehicular Technology Magazine, 2019,
14(3): 28-41.

[5] Shehata M, Wang Y, He J, et al. Optical and terahertz
wireless technologies: the race to 6G communications
[J]. IEEE Wireless Communications, 2023, 30(5) :
10-18.

[6] Carlowitz C, Dietz M. Integrated front-end approaches
for wireless 100 Gb/s and beyond: enabling efficient ul-
trahigh speed wireless communication systems[J].
IEEE Microwave Magazine, 2023, 24(8): 16-34.

[7] Petrov V, Kurner T, Hosako 1. IEEE 802.15.3d: first

(8]

[9]

[10]

[13]

[14]

[17]

standardization efforts for sub-terahertz band communi-
cations toward 6G[J]. IEEE Communications Maga-
zine, 2020, 58(11): 28-33.

Friis H T. A note on a simple transmission formula[J].
Proceedings of the IRE, 1946, 34(5): 254-256.

Xing Y, Rappaport T S. Propagation measurement sys-
tem and approach at 140 GHz-moving to 6G and above
100 GHz[ C]. 2018 IEEE Global Communications Con-
ference. Abu Dhabi, United Arab Emirates: IEEE,
2018: 1-6.

Wang C, Abdo I, Liu C, et al. A sub-THz full-duplex
phased-array transceiver with self-interference cancella-
tion and LO feedthrough suppression[J]. IEEE Journal
of Solid-state Circuits, 2024, 59(4): 978-992.

Ahmed A, Li L, Jung M, et al. 140-GHz 2-D scalable
on-grid 8X8-element transmitreceive phased arrays
with up/down converters demonstrating a 5.2-m link at
16 Gbps[J]. IEEE Transactions on Microwave Theory
and Techniques, 2024, 72(5): 2852-2868.

Karakuzulu A, Ahmad W A, Kissinger D, et al. A
four-channel bidirectional D-band phased-array trans-
ceiver for 200 Gb/s 6G wireless communications in a
130-nm BiCMOS technology[J]. IEEE Journal of Sol-
id-state Circuits, 2023, 58(5): 1310-1322.

Dong S, Sharma N, Li S, et al. A 140 GHz RF beam-~
forming phased-array receiver supporting =>20 dB IRR
with 8 GHz channel bandwidth at low IF in 22 nm FD-
SOI CMOSI[C]. 2023 IEEE Radio Frequency Integrat-
ed Circuits Symposium. San Diego, CA, USA:
IEEE, 2023: 293-296.

Rio D D, Sevillano J F, Torres R, et al. A D-band
16-element phased-array transceiver in 55-nm BiCMOS
[J]. IEEE Transactions on Microwave Theory and
Techniques, 2023, 71(2): 854-869.

Abdo I, Jyo T, Pander A, et al. 300-GHz-band four-el-
ement CMOS-InP hybrid phased-array transmitter with
36 degrees steering range [J]. IEEE Microwave and
Wireless Technology Letters, 2023, 33(6): 887-890.
Li S, Zhang Z, Rebeiz G M. An eightelement
136-147 GHz wafer-scale phased-array transmitter with
32 dBm peak EIRP and >16 Gbps 16QAM and
64QAM operation[J]. IEEE Journal of Solid-state Cir-
cuits, 2022, 57(6): 1635-1648.

Elkhouly M, Ha J, Holyoak M J, et al. Fully integrat-
ed 2D scalable TX/RX chipset for D-band phased-array-
on-glass modules [C]. 2022 IEEE International Solid-
State Circuits 1EEE,
2022: 76-78.

Conference. San Francisco:

(TEE46077)



